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EFFECTS OF LEADING-EDGE CHORD EXTENSIONS AND AN ALL- 
MOVABLE HORIZONTAL TAIL ON THE AERODYNAMIC CHARAC- 
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ATRIANGKLARWINGOFASPFzCI'RATIO 3 

MOUNTED IN A HIGH POSITION AT SUB- 
SONIC AND SUPERSONIC SPEEDS 

By Benton E. Wetzel and Frank A. Pfyl 

SUMMARY 

The results of an experimental Investigation of the effect of 
leading-edge chord extensions on the aerodynamic characteristics of a 
wing-body-tail combination em@oying a 3-percent-thick triangular wing 
of aspect ratio 3 in conjunction with an unswept, all-movable, horizontal 
tail locatedbelow the wing-chord plane are presented. Lift, drag, 
pitching moment, and hinge moment were measured at Mach numbers vsxying 
from 0.6 to 0.9 and from 1.2 to 1.9, at a Reynolds number of 3.8 million. 
The angle of attack was varied from -4O to +lp at constant horizontal- 
tail deflections varying from +4O to -24O. Data are also presented for 
the model without the horizontal tail. 

The wing-body-tail conibination was tested with 13.35-percent-chord, 
leading-edge chord extensions on the outer 50 percent of the tin@; semi- 
span in an effort to improve the undesirable static longitudinal stability 
characteristics of the triangular wing at moderate-to-high lift coeffi- 
cients at subsonic speeds. To improve, also, the subsonic lift and drag 
characteristics, the chord extensions were drooped 3'. 

Comparisons of the results obtained for the wing-body-tail combi- 
nation having chord extensfons wfth those for the conibination without 
chord extensions showed that the extensions improved the lift, drag, 
and pitching-moment characteristics at moderate-to-high lift coefficients 
at subsonic speeds and had small effect on those characteristic8 at 
supersonic speeds. Static longitudinal instability, which occurred in 
a range of moderate Uft coefficients at Mach nunihers of 0.6 and 0.8 for 
the model without chord extensions, was either elimfnated (M = 0.8) or 
delayed to higher l&f-t coefficients (M = 0.6). Improved variations of 
lift with angle of attack at the aforementioned Mach numbers and 
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increased maximum lift-drag ratios at Mach numbers from 0.6 to 1.3 were 
realized from the addition of chord extensions. Essentially no changes 
in the hinge-moment characteristics were brought about at either subsonfc 
or supersonic speeds by the addition of :dhord extensions. 

4 

INTRODUCTION 

As part of a pro.gram devoted to the investigation of component8 of 
interceptor-type supersonic aircraft, a wing-body-tail combination 
employing a j-percent-thick triangular Nng of aspect ratio 3 and an 
all-movable horizontal tail was tested in the Ames 6- by 6-foot 
supersonic wind tunnel. The wing was mounted high on the body, and the 
tail was below the wing-chord plane. Previous tests of the wing-body 
combination (ref. 1) showed losses in stabflfty at moderate-to-high lift 
coefficient8 at subsonic speeds. Tests of models similar to the present 
one (ref. 2) have indicated that such variations in stability might be 
avoided or minimized by locating the horizontal tail in certain position8 
below the extended chord plane of the wing; however, when the tail was 
added to the present model, the instability still persisted, and the 
presence of the tail had little influence upon atabflity'variations. 
Therefore, the possibility of improving the stability by modifying the 
wing 80 as to reduce the center-of-preastie movement waa investigated. 

This center-of-pressure movement has been shown by previous tests 
of thin triangular wings to result from flow separation at the wing tips. 
This flow separation is believed to be accompanied by sepsration vortices 
(ref. 3) generated on the upper surface of the wing, which could have 
an adverse effect on the stabflity. Research on sweptback wings (e.g., 
ref. 4) has shown that improvement of the characteristics of such wings 
can be obtained thro'@h the use of leading-edge chord extensione, which 
serve either to eliminate or to reduce separation or vortex-type flow 
over the tip sectiona; An effort was made to-improve the longftudinal 
stability chsracteristics of the present model through the addition of 
such devices. The chord extensions were.drooped a small amount in order 
to obtain improved subsonic drag chsracteristfcs, such as were reported 
in reference 4. 

. 

The present paper is devoted primarily to the comparison of the lift, 
drag, and pitchtig-moment characterlstfcs of the wing-body-tail combi- 
nation with and without the leading-edge chord extensions and to the 
presentation of the control-surface characteristics of the combination 
tith chord extensions. 



SYMBOLS 

b wing SF, in. 

CD k3.g coefficient, 9 

'h hinge-moment coefficient, hfnge momentt measured about an axis 
&Et 

at 30 percent of the chord of the horizontal tail 

CL lift coefficient, JE!$& 

Cm pitching-moment coefficient, pitching Moment , referred to a 
-C&SC' 

horizontal axis through the potit on the body axis corre- 
sponding to 35-percent mean aerodynamic chord of the wing 

C local wing chord of the wing wfthout chord extensions, in. 

Ct looal chord of the horizontal tail, in. 

E mean aerodynamic chord of the wm!s, iIl. 

Et mean aerodynamic chord of horizontal tail, 2n. 

maximum lift-drag ratio 

M 

Q 

free-stream Mach number 

free-stream dynamk pressure, lb/aq in. 

R Reynolds number baaed on the mean aerodynamic chord of the wing 

S wing exea, formed by extending the leading and trailing edges 
to the plane Of symmetry, sq in. 
(The additional area provided by the leading-edge chord 
extensions ha8 not been Included.) 

. 
% 8xea of horizontal tail, formed by extending the leading and 

. trailing edges to the plane of symmetry, sq in. 
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spanwise di8tar'Ee from plane of symmetry, in. 

angle of attack of body axis, deg 

angle of horizontal-tail deflection, positive for trailing edge 
down, deg 

nominal (no load) horizontal-tail deflection, deg 

APPARATUS AND MODEL 

The experimental investigation was conducted in the Ames 6- by 
6-foot supersonic wind tunnel, which is a closed-section, vsriable- 
pressure-type tunnel with a Mach number range from 0.6 to 0.9 and from 1.2 
to 1.9. A complete description of this facility ha8 been published in 
reference 5. In this wind tunnel, models 8re sting-mounted, and over-all 
forces are measured tith an internal electrical strain-gage balance. 
The model was also equipped with an electrical strain gage which measured 
the hinge moments on the horizontal tail. 

The Model c.onsisted of a triangularr w, an all-movable horizontal 
tail, two vertical fins, and a body. The wing was mounted in a high 
position on the body, had an aspect ratio of 3, and was COmpOBed of NACA 
0003-63 airfoil sections In streamwise planes. D.uring a portion of the 
investigation, the wing was equfpped tith 13.35~percent-chord, leading- 
edge chord extension8 over the outer 50-percent semispan of the wing, 
as Shown in figure 1. The extensions had the same Ordinate8 as the 
corresponding wing airfoil sections, with Smooth fairings providing the 
transitions between the extensions and the wing. The chord extensions 
were drooped 3O tith respect to the chord line. 

The horizontal tail, which was mounted In a midposftion on the body, 
was pivoted at the 30-percent-chord point and had a taper ratio of 0.4 
and an aspect ratio of 5. The airfoil section in a streamwise plane was 
biconvex, with a maximum thickness-chord ratfo of 3 percent at 30-percent 
chord. The tail was supported at the tips by the two vertical fins 
rigidly attached to the wing at the W-percent-se&span station. These 
fins were of aspect ratio 2.08 and hsd a s-percent-thick biconvex section 
in a streamwise plane. The wing and tail surfaces were of solid steel 
construction. 

The body was the s&me as that described in reference 1 for use in 
conjunction with the wings pO8itfOned off the body axis. It had a 
fineness ratio of 9.86. A photograph of the complete model is Show?2 in 
figure 2. 

. 
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TESTARDPRCXEDUF&E 

5 

Range of Test variable8 

Lift, drag, pitching-moment, and hinge-moment CharaCtffiBtiCB Of 
the model were investigated for a range of Mach numbers varying from 
0.6 to 0.9 and from 1.2 to 1.9 at nominal angles of attack vary- from 
-4O to a maximum of +lp. The model tith horizontal tall installed wa8 

* tested at horizontal-tail deflectfona varying from +4O to -24O, generally 
in 4O increments. The data were obtained at a Reynolds number of 3.8 
tillion, based on the wing mean aerodynamic chord. 

Reduction of Data 

. 
The test data have been reduced to standard NASA coefficient form. 

The pitching moments were calculated about a horizontal axis through the 
point on the b&Ly axfs corresponding to 35 percent of the mean aerodynsmic 
chord. Fador which affect the accuracy of these d8ta are discussed in 
the follag paragraphs. 

Tunnel-wall interference.- Correction8 to the subsonic results for 
the induced effects of the wind-tunnel walls resulting from lift on the 
model were made according to the methods of reference 6. The numerical 
values of these cacrectfons, which were add& to the uncorrected data, 
axe: 

Aa = o-5517 CL 

A% = 0.0096 CL2 

The correction to the pitching-moment coefffcient was negligible. 

Constriction of the flow at subsonic speeds was taken into account 
in the msnner outlined in reference 7. At a Mach number of 0.9, the 
correction amounted to a e-percent increase in the Mach number over that 
determined from a calibration of the wind tunnel wfthout a model in 
place. 

. 
For the tests Et-t supersonic speeds, the reflection from the tunnel 

wall of the Mach wave originating at the nose of the body crossed the 
horizontal tail only at a Mach number of 1.2. It is believed that the 
resulting Interference effects were small, and no corrections were made 
for tunnel-wall effects. 

Stream variatfona.- TeBt8 at subsonic speeds in the 6- by 6-foot 
supersonic wind tunnel have indicated a small stream curvature and an 



6 NACA RM A53J-l4a 

inclinatfon in the pitch plane of the model. No correction for this 
stream curvature ha8 been made. A survey of the airstream at supersonic 
speeds, reported in reference 5, ha8 shown, curvature and fnclination 
only in the yaw plane of the model. The effects of this curvature on 
the measured aerodynamic chaJ?aCteriBtics of the model are not known but 
sre believed to be small, a8 they were shown to be in the case of 
reference 8. 

Surveys at both eubeonic and supersonic speed8 Fndfcated that there 
is a static-pressure variation of sufficient magnitude ti the wind-tunnel 
test aectfon to affect the drag measurements. Corrections were added to 
the meaBU3Ted drag coefficients, therefore, to account for the longitudinal 
force resulting from the statfc-pressure variation. The max%nUm cor- 
rections were +0.0007 at a Mach number of 0.9 and -0.0008 at a Mach 
number of 1.3. 

Support interference.- At subsonfc speeds, the effect8 of support 
interference on the aerodynamic chsracterfetice of the model are not 
known. It is believed that such effect8 consist primarily of a change 
in the pressure at the base of the model. In an effort to correct at 
least partially for this support interference, the base pressure was 
meaBW?ed and the drag data adjusted to correspond to a base pressure 
equal to the static pressure of the free stream. 

.- 

II 

l 

At supersonic speeds, the titerference of the sting on a body of a 
body-sting combination eimflar to that of the present model is 8hOWn by 
reference 9 to be confined to a change in base pressure. The above- 
mentioned adjustment of the drag for pressure at the base of the model, 
therefore, was applied also to the data obtained at supersonfc speeds. 

Precision 

The uncertainties involved in determining dynamic pressure and in 
measuring forces with the strain-gage balance ace described f'uSLy in 
reference 10. The following table lists the maximum Uncertainty 
introduced into each corrected coefficfent by the known uncertainties 
in the measurements: 

Quantity 
Lift coefficient 
Drag coefficient 
Pitching-moment coefffcient 
Hinge-moment coefficient 
Mach number 
Reynolds number 
Angle of attack 
Horizontal-tail deflection 

Uncertainty 
f0.002 
f0.0010 
fO.Oa2 

-- -- sto.005 
fO.O1 
+0.03 x 10s 
*o.lo" 

- kO.250 

. 

? 
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RESULTS 

7 

The ~erimenta.3. results obtained during the investigation 8re 
presented in table8 I and II for the complete range of test V8Ziable8. 
The results for the wing-body and the wing-body-tail cO'mbinELtiOn8 with- 
out leading-edge chord extension8 sre presented in table I, those for 
the COmbinatiOnS with chord exten8fone in table IS. For the purpose of 
analysis, a portion'of these d8,ta is presented in graphical form. 

The effect of the chord extension8 on the variation of pftching- 
moment coefficient with lift coefficient for the model with the 
horizontal tail removed (but with the vertical fins attached to the 
wing) if3 Show?2 in ffgure 3 for Several SUbSOnic and SUperSOniC Mach 
numbers. The effect of the chord extensions on the pitching-moment, 
lift, and drag characteristics of the wing-body-tail combination for a 
nominal horizontal-tail deflection of zero 18 shown in figure 4 for the 
same Mach numbers, 

In order to permit a more detailed evaluation of the effect of the 
chord extension8 on the drag characteristics, the va;riation with Mach 
number of the drag coefficient at various lift coefficients 8nd the 
variation with Mach number of the mm Ifft-drag ratio are presented 
in figures 5-snd 6, respectively. 

The variation of the pitching-moment coefffcient with horizontal- 
tail deflection is shown in figure 7. The variations of hfnge4namen-t 
coefficient with horizontal-tail deflection and tith angle of attack are 
presented in figures 8 and 9 for the model with chord extensions. A 
study of the data for the combinations with and tithout chord extensfons 
showed essentially no difference in the control-effectiveness and hinge- 
moment ch8ZaCteriStiCB as a result of adding the chord -ions. 
Therefore, anly the results for the wing-body-tail combination with 
chord extension8 8re presented graphically. The data presented in 
these figures have been limited to Mach numbers of 0.6, 0.9, 1.3, and l-9, 
since these were considered sufficient to show the Variations through 
the Mach number range. Horizontal-tail deflection8 noted ti figure 8 
are nominal settings of the tail surfaces. The actual deflection angles, 
which changed slightly under aerodynamic load, can be obtained from 
table II. 

DISCUSSION 

In the section to follow, two features of the data will be 
discussed. First, the effecta of the chord extensions on the basic 
aerodynamic characteristics of the wing-body and the wing-body-tail 
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combination8 will be considered. A brief.discuseion of the control- 
surface characteristic8 will follow. 

Basic CharaCteriStiCB 

Pitching moment.- As was noted previously, some 1088 in stability 
u&B shown t0 exist for the wing-body combination at moderate-to-high 
lift coefficient8 at subsonic speeds during a pretioue investigation 
(ref. 1). With the center of gravity at 35-percent mean aerodynamic 
chord, the loss in stability was of BUCh magnitude as to result in an 
unstable variation of pitching-moment coefficient at Mach numbers of 0.6 
snd 0.8 for the model with the horizontal tail removed. (See fig. 3.) 
With the horizontal tail added to the wing-body combination (fig. 4(a)), 
the Unstable Variation at these SUbSOniC Speed.8 still existed. That the 
1OngitUdinal instability of the wing-body combination was due largely 
to the instability of the wing-body combination can be determined from 
a comparison of figures 3 and 4(a). As indicated in figure 3, addition 
of the chord extensions improved the pitching-moment characteristics of 
the wing-body combination, the instability being either eliminated 
(M = 0.8) or delayed to a higher lift coefficient (M =.0.6). A similar 
improvement occurred for the wing-body-tail combination (fig. 4(a)). 
It should be noted that addition of the chord eXtenSiona had little 
effect on the tail contribution to the Stability. At SUperSOniC BpeedB, 
the chord extension8 had only small effect on the pitching-moment 
chsracteri8tics. 

Lift.- The results for the wing-body-tail combination without chord 
extensions (fig. 4(b)) showed a range of angle of attack near 8O at 
Mach numbers of 0.6 and 0.8 in which the lift-curve slope was considerably 
less than at other angles of attack. This decrease in lift-curve slope 
appeared initially at about the ssme lift coefficient as the onset of 
pitching-moment instability. With chord extensions installed, the lift 
was maintained up to angles of attack of the order of 16'. The improve- 
ment in the lift ch8racteristics is believed to be due primarily to 
the ability of the chord extensions to improve the flow over the wing 
tips. At supersonic Speeds, the chord extensions had little effect on 
the lift characteristics. The slight increase in lift-curve slope shown 
in figure 4(b) may have been due to the iZNZea8ed 8568 provided by the 
chord extensions. 

Drae. - The drag results, presented in figures 4(c) and 5, indicate 
that the addition of the chord extensions increased slightly the minimum 
drag coefficient throughout the Speed range investigated, although this 
increase was of the same order of magnitude as the maximUm uncertainty 
of measurement. On the other hand, at lift coefficients greater than 
0.2, the chord extensions reduced significantly the drag coefficients at 
8ubsonic Speed8 and at a Mach number of 1.3. The reduction in drag at 
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c these lift coefffcients is believed to be due, primsrEly, to the small 
amount of camber which resulted from the drooping of the chord ex-knsions. 
Drooping the leading edge tend8 to maintain high lifting pressures on 
that portion of the tig and to provide a component of force in the 
thrust direction. At Mach numbers greater than 1.5, the beneficial. 
effect of the chord extensions on the drag no longer existed. At the 
higher lift coefficients, the apparent benefit of the chord extensions 
shown at these Mach numbers can be attributed to the increased area 
provided by the chord extensions. 

. 

The effect of the chord extensions on the max2mum lift-drag ratfo 
is shown in figure 6. 
(L/D)- 

At a Mach number-of 0..6 a large increase in 
was realized, the fmprovement decreasing w3th increasing Mach 

number. In the supersonic.speed range at Mach numbers of 1.5 and above, 
decreased lift-drag ratio8 were incurred with the chord extensions 
iIlStZ%32ed. 

Control-Surface Chsracteristics 

The followdng section is devoted to a diecusaion of the control- 
surface ch8racteristics of the tail when USed in.conjunction with the 
wing-body combination with chord extensions. AS pointed Out in ReBUltB, 
a Study of the data for the model8 with and without chord extension8 
showed essentially no difference in the control-effectiveness and 
hinge-moment characteristics. Thus, statement8 made in the folkwing 
di8CU88iOn al80 apply t0 the characteristics Of the tail when used With 
the wing-body combination without chord extensions. 

Control effectiveness.- Increasing control effectiveness with 
increasing Mach number was indicated for the subsonic speed range, as 
shown in ffgure 7. The variation of pitching-moment coefficient with 
horizontal-tail deflection W&E linear throughout only a moderate range 
of deflection angles in thfa speed range. However, for an airplane with 
it8 center of gravity at 35 percent of the mean aerodynamic chord, this 
moderate range is sufficient to provide static longitudinal balance 
throughout the range of lift coefficients Investigated. A large decrease 
in the effectiveness of the horizontal tail occurred as the Mach number 
WaE increased from subsonic t0 SUper8OniC speed. At supersonic speeds, 
the variation of pitching moment with angle of deflection w-a8 line8r up 
to fairly large negative angles, the control effectiveness decreasing 
with increasing Mach number. 

Hinge-moment coefficient.- As noted above, static long5tudinal 
balance could be obtained at SUbSOnic Bpeed8 with small deflection of 
the control surfaces. A8 ShoWn in figures 8 and 9, the variations of 
hinge-moment coefficient with angle of attack and with tail deflection 
were small throughout the range of deflection angles required for balance. 
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As a result, the control forces required to deflect the horizontal-tail 
surfaces at subsonic speeds would be expected to be small. If, however, 
the center-of-gravity position were moved forward 80 that larger 
deflection angles were necessary for balance, lsrger variation of the 
hinge-moment coefficient with deflection angle would be encountered and 
larger control forces would be required. 

At supersonic speeds, the magnitude of the vsriations of hinge- 
moment coefficient with angle of attack and with tail deflection 
increased greatly. As a reeult, large control forces would be expected 
to be required in this apeed range. For example, if one considered the 
present wing-body-tail combination to be a l/12-scale model of an air- 
plane with a wing loading of 45 pounds per equsre foot, the control 
moment at a Mach number of 1.5 would be of the order of 30 time8 that 
at a Mach number of 0.6 for level flight at an altitude of 30,000 f&et. 

CONCLUSIONS 

Experimental wind-tunnel results for a wing-body-tail combination 
employing a 3-percent-thick,triangular w2.ng of aspect ratio 3 in 
conjunction with an unswept, all-movable horizontal tail show that the 
aerodynamic characteristics were Improved at moderate-to-high lift 
coefficients at -subsonic speed8 and only slightly changed at supersonic 
speeds, due to the addition of leading-edge chord extensions to the 
wing. The resulta of the wind-tunnel investigation sre given below. 

Pitching moment .- High-lift instability which occurred at subsonic 
speeds at Mach numbers of 0.6 and 0.8 was either eliminated (M = 0.8) or 
delayed to higher lift coefficients (M = 0.6) 'through the addition of 
chord extenalons. Only a small effect at supersonic Ma&numbers 
resulted from the addition of chord extensions. 

Lift.- The addition of chord extensions eliminated undesirable lift 
chsrazistics at subsonic speeds and had little effect on the lift at 
supersonic speeds. Whereas the vsrfation of lift coefficient with angle 
of attack for the wing-body-tail combination without chord extensions 
decreased rapidly at sn angle of attack of about 8O at.Mach numbers of 
0.6 and 0.8, the variation for the combinatfon tith chord extensions 
had no inflection end lift was maintained up to angles of about 160. 

s.- The minimum drag was increased slightly throughout the Mach 
number range tith the addition of chord extensions. At subsonic speeds, 
the drag due to lift was reduced, and the maXimum lift-drag ratios were, 
in consequence, increased. The greatest increase in (L/D)- was 
obtained-at M = 0.6, the improvement decreasing with Mach number. At 
supersonic Mach numbers of 1.5 and greater, no Improvement in drag due 
to lift was realized throughthe addition of chord extensions. MaxImum 
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lift-drag ratios obtafned in this Mach number range were, as a result, 
decreased slightly. 

Control effectivenesa.- The control effectiveness of the horizontal 
tail was essentially unchanged by the addition of chord extensions. At 
subsonic speeds the effectiveness increased with ticreaaing Mach number. 
A large decrease in effectiveness occurred as the Mach number was 
increased from subsonic to supersonic Speed. At supersonic speed8 the 
effectiveness decreased tith increasing Mach number. 

Hinge moment.- Essentially no changes In the hinge-moment 
characteristics of the horizontal tail occurred due to the addition of 
chord extensions. The variation of the hfnge-moment coefficient with 
angle of attack and with horizontal-tail deflection was such that the 
control forces required to deflect the horizontal tail would be much 
larger at supersonic speeds than at subsonIc speed8. 

Ames Aeronautical Laboratory 
National Advisory Ccumnittee for Aeronautics 

Moffett Field., Calif., Oct. 14, 1953 
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TABLE I.- AEZODYNAMIC CRARA.CTERISTICS OF A MODEL EMPLOYING A TRLANGULKR 
WING OF ASPECT RATIO 3 AND AN ALL-MOVABLE HORIZONTAL TAIL; ~=3.8 x 18 

(a) Chsxacteristics for wing-body combination with horizontal tail 
removed (vertical fins not removed) 

(b) Characteristics for 1 Lng-body-tail combination; En = +h" 

- 
P 
L.L 

Lit 
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- 

D 
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TABLE I.- AERODYNAMIC CHARACTEKCSTICS OF ii MODEL EHF'LOYING A TRIANGULAR 
WING OF ASPECT RATIO 3 AND AN ALL-MOVABJX EKXRI!ZONTAL TAIL; 
R=3.8 x lo* - Continued 

(c) Characteristic8 for wing-body-tail combination; 6, = +2O 

L 

- 
I - 

1.30 

1.70 

l.P 

E 

(d) Characteristic8 for wing-body-tail combination; 6n = 0' 

- 

* 
.& 

.Bo 

- 

- 
* 
1.3 

1.x 

1.90 

- 

: a > 

1 

. .4 -0 .!XLQ 

LL 
2z -.D(Ip .I ~4.u -.ml .I 
~.oss -Al3 .l 
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TABLE I.- AERODYNAMIC CIIAFUETEXISTICS OFAMODEZEMFLOYINGATKCANGUUR 
WINGOFASPEK!TRATIO 3AIKDpN ALL-MOVABLE HORIZONTALTAIL; 
R=3.8 x lo' - continued 

(e) Characteristics for wing-body-tail combination; 6, = -2O 

Y 4 6 
o-ml -I.9 a 4.9 
- : 2; 
2 g-g 
.aa -1.9 

- a.9 
-m-s a-9 

T 

Aas -1.9 
- a.9 

-.ca -l.9 
-.a0 a.9 
-.ma 4.9 
-Lea Q.0 

.ca -1.9 
AL? -I.9 

2 2; 
-aa3 -L9 
-.ml a.9 
-.a9 d-9 

(f) Characteristics for m-body-tail combfnation; &n = -4O 

c 
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TABL;E I.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGUUR 
WING OF ASPECT RATIO 3 iUKLl AN AL&MOVABL;E HORIZONTAL TAIL; 
~=3.8 x 10s - Continued 

(g) Characteristics for wing-body-tail combination; 6n = -8O 

ii- - 
1.60 

3.8c 

3.9 

- 

(h) Characteristics for tig-body-tail combination; 6, = -l,2O 

r - 
0.93 

1s 

l-50 

II - 
1.n 

l.% 

- 

(r 

i 

0 

. 
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TABIX I.- AERODXUMIC CHARACTERISTICS OFAMODEZEKPLO~GATRIANCXJUXR 
WINGOFASE'ECTRATIO 3ANDANALL-MOVABI;EHORIZONTALTAIL; 
R=3.8 x 10' - Continued 

(i) Characteristics for wing-body-tail combination; En = -16~ 

c 

(j) Characteristics for-wing-body-t&l combination; 6, = 40 

- 
11 - 

Dd 

D.a 

- 

Y 

D 

0 

-L 
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TABLE I;- AERODYNAMIC CRARACTERISTICS OF A MODEL EMPLOXCNG A TRUNULAR 
WING OF ASPECT RATIO 3 AND AN AU-MOVABLE 3ORIZUN'I'AL TAIL; 
~=3.8 x 106 - COIIC~U~& 

(k) Characteristics for wing-body-tail combination; 6n = -24O 

-. -.I 3 I:039 
2.2 
234 

. 

i - 

1 

TABLE II.- AERODYNAMIC CHARACTERISTICS OY@ A MODEL EMPLOYING A TRIANGULAR 
WING OF ASPECT RATIO 3 WITH IXADING-EDGE CHORD EXTENSIONS AND AN ALL- 
MOVABLE HORIZONTAL TAIL 

(a) Characterfstics for wing-body combination with horizontal tail 
removed (vertical fins not removed) 

ii- 
- 
0.M 

.& 

3.P 

- 

I * 
0.s 

1.m 

1.30 

1.54 

1.9 

1.70 

1.50 
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TARLiE II.- AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TFilNXULAR 
WING CF ASPECT RATIO 3 WITH IXADING-EDGE CHORD EXTEXSIONS AND AI'? AIL- 
MOVABLE HORIZONTAL TAIL - Continued 

(b) Characteristics for wing-body-tail~combination; 6, = +4O 

r r - 
.60 

a 

-93 

- 

(4 Characteristics for wing-body-tail combination; 6n = O" 

- 
Y - 

o-9( 

LB 

L3 

1.5 

- 

Y 
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TAIXB II.- AEBODYJYAMIC CHARACTEKiSTICS OF A MODEL EMPLOYING A TRIANGULAR 
WING OF ASPECT RATIO 3 WITH LEADING-mGE CHORD EXTENSIONS AND AN ALL- 
MOVABLE HORIZONTAL TAIL - Continued 

(d) Characteristics for wing-b--tail combination; 8, = -2O 

II 
l.)o 

L-m 

l.po 

- 

-ii 

x5 

I.P 

a.3 

1.: 
- 

D - 

I 

* - 

K1- 

Y) 

for wing-body-tail combination; 6, = A0 e) Characterfaticr 
d 

L 
0.90 

l.pL) 

1.30 

- 

A 

-I! 
1.: 

1.: 

1.7 

- 

.oio 0 -3.8 
a .001 36 

2 -.OJI .a 36 -38 

, 

.w I .wf I+9 
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TABLE II.- AERODYNAMIC CHARACT!3RISTICSOFAMODEGEMF%OYINGATR~G~ 
WING OF ASPECT RATIO 3 WITH LFJDING-EDGE CHORD EXTENSIONS AND AN AIL- 
MOVABLE HORI!ZOXCALTAIL -Continued 

(f) Chsxacteristics for wing-body-tail cmbfnation; En = -8O 

7 - 
0.9 

19 

1.3 

I.9 

- 

e I 

0. 

0 

0 

0 

0. 

0. 

(g) Chszacteristics for wing-body-t&f1 combination; En = -12O 

ii 
- 

O.gc 

1s 

1.x 

I.% 

I 

I 

I . 

, 

1 

1 . 
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TABLE Tl-.- -AERODYNAMIC CHARACTERISTICS OF A MODEL EMPLOYING A TRIANGULAR 
WING OF ASPECT.RATIO 3 WITH WING-EDGE CHW MTEZJSIONS AND AN ALL- 
MOVABLE HORIZONTAL TAIL - Continued 

- (h) Characteristics for wing-body-tail combination; 6n = -16’ 

T- - 
1.60 

3.m 

0.93 

- 

i- - 
.w 

.Qo 

.m 

.w 

- 

Characteristics for wing-body-t&l combination; 8n =. -20° 
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TABLE II-- AEBODYNAMIC! CEA@~ISTICS .OF A MODEZ EMPLOYING A TRjZAXUUR 
WING OF ASPECT lpp-TIO 3 WITE LJUDmG-EDCIE CEORD EXTENSIONS AND AN AU- 
MOVABLX HORIZONTAL TAIL - Concluded 

(j) Cbaracteristice for wing-body-tail combination; En = -2k" 
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Figure l.- Dtienslonal eketcb of tie mcdel. 
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Figure 2.3 Three-quarter front view of wing-body-tail canbination with 3 

leading-edge chora exteneicola . if 
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------ Cnord extensions 
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Figure 7.- Yorlotlon of the pitching-moment coefficient with horizontal-tall defllction 

for the wing-body-tuif combination with ieadlng-edge chord extensions. 

W 
w 



.I2 
--. 

I i 1 
.08 I I I I 

-. 

Mml.3 
-08 

-4 0 4 8 M f6 PO 

t &,dw 1 t ,. 
4 

-16 
-24 

a 

Y 
1.. 

I I I I 
\ 

I I I I M=1.9 

-4 0 4 8 I2 16 20 
a, dw a, dcg 

Flgffre &- Variat/on of the horizonfuol-tail hhgc-moment coefficient w/t/r o/sg/e of otiack 
for the wing-body-toil combinotlofl wifh lcrdlng- edge chord extensions. 
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figure 9,- lforiotions of the horizontal-toll hhghnoment coefficient with angle of def/ection 

for the wing-body-tail combjnotfon with leading-edge chord extensions. 
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